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I.  INTRODUCTIO^! 


Current  consumable*  case  technology  may  offer  a  realistic  alternative 
to  conventional  bagged  propelling  charges  whose  inherent  characteristics 
can  lead  to  performance  problems.  Bagged  charges  are  currently  used  in 
Army  155-mm,  175-mm,  and  8-in.  cannon  systems  to  be  compatible  with  the 
requirement  for  separate  loading  ammunition.  Sqme  of  these  charges  are 
complex  and  non-rigid.  This  results  in  considerable  variation  in  the 
interaction  of  the  components,  particularly  the  ignition  train,  which  can 
lead  to  severe  performance  problems.  Catastrophic  failures  in  the  155-mm 
howitzerl  and  175-mm  gun  systems^  for  example,  have  been  attributed  to 
incipient  ignition  problems  exacerbated  by  misalignment  of  components  in 
a  poorly  assembled  charge.  A  well-designed  consumable  case  could  allev¬ 
iate  these  problems  by  assuring  both  an  aligned  ignition  system  and  a 
more  controlled  charge  geometry  while  simplifying  the  fabrication  of  the 
charge. 

Performance  Problems  Associated  With  Bagged  Charges  in  Artillery 

A  brief  discussion  of  performance  problems  associated  wfth  bagged 
charges  in  artillery  systems  is  given  in  the  following  sections. 

Complexity.  The  bagged  propelling  charge  and  ignition  train  form 
a  complex  system  with  many  variables.  This  sy'stem  is  further  complicated 
when  placed  within  the  gun  chamber  nnd  interfaced  with  phe  percussion 
primer  as  illustrated  in  Figure  1. 


^The  te^rm  ^^oonsumahle^^  is  used  here  to  denote  materials  whioh  are 
completely  decomposed  during  the  interior  hallistic  cycle.  It  includes 
those  materials  which  do  not  add  significant  energy  to  the  system  (e.g,^ 
plastics  or  kraft  paper)  and  those^  such  as  felted  nitrocellulose ^  which 
are  fairly  energetic.  The  term  ^^combustible  cases^^  is  often  associated 
with  the  latter  materials. 

1 

H.  Hassman  and  A.  Yermal^  Controlled  Ballistic  Firing  at  Aberdeen 
Proving  Ground  Relating  to  Malfunction  Investigation  of  155-rnm  Propelling 
Charge^  XM123E1  in  155-mm  Towed  Howitzer^  Ammunition  Development 

and  Engineering  Directorate^  Picatinny  Arsenal^  July  1973. 
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Centercore- Igniter,  Bagged  Charge  in  the  Gun  Chamber 


A  typical,  high  jKM'ronnaace ,  bagged  cliapge  (I’igure  2)  consists  of 
a  hoav)^  cloth  bag  to  contain  the  granular  propellant.  j\  rigid,  felted- 
nit  roco  1  1  u  lose ,  centercorc  tube  is  located  along  the  axis  of  the  charge 
and  it  cent  a  i  ns .  igp  i  t  er  material  in  a  cloth  bag  or  ’’snake”.  A  pad,  also 
containing  ignifer  material,  is  attached  to  the  bas^  of  the  charge.  A 
bag  containing  a  flash  reducing  agent  is  usually  attached  to  the  forward 
end  of  the  charge.  Additional  components  such  as  lead  foil  decoppering 
agent  and  a  wear-reducing  additive  liner,  consisting  of  cloth  impreg¬ 
nated  with  titanium  dioxide  and  wax,  are  also  located  around  the 
circumference  of  the  charge.  A  hpavy  cloth  lacing  jacket  is  used  to  improve 
rigidity.  The  charge  may  be  monolithic  or  may  have  two  or  more  detachable 
segments  for  multiple  firing  zone  applications. 

The  alignment  of  the  charge  is  not  coaxial  with  the  chamber  for  two 
reasons.  The  charge  is  made  smaller  than  chamber  diameter  to  facilitate 
loading  and  there  is  a  slight  forward  taper  to  the  chamber.  The  length 
of  the  charge  is  less  than  that  of  the  chamber.  This  results  in  a  variable 
space  or  standoff  between  the  spindle  and  the  charge  and  between  the 
charge  and  the  base  of  the  projectile. 

The  ignition  system  and  sequence  of  operation  are  also  complex.  The 
primer  (located  in  the  spindle),  base  pad,  centercore  tube,  and  snake 
form  the  ignition  train.  The  basepad  is  an  energy  transfer  medium  between 
the  primer  and  the  centercore  snake  designed  largely  to  improve  the  reliab¬ 
ility  of  centercore  ignition.  The  ignition  sequence  begins  when  the 
primer  is  initiated  and  sends  hot  gases  and  particles  through  the  spithole 
in  the  spindle  into  the  base  pad.  The  igniter  material  in  the  base  pad 
is,  in-turn,  initiated  and  provides  the  ignition  stimulus  to  the  centercore 
snake.  Rapid  axial  flame  spread  should  occur  in  the  snake  followed 
by  radial  spread  of  hot  gases  and  particles  into  the  propellant  bed. 

The  objective  is  to  provide  nearly  simultaneous  ignition  of  the  propellant 
along  the  charge  axis^.  This  is  to  prevent  formation  of  pressure  waves 
which  can  arise  if  localized  ignition  occurs  at  the  base  of  the  charge^. 

Floating  Geometry.  It  is  the  cloth  used  to  construct  bagged  charges 
which,  by  its  very  nature,  lacks  rigidity  and  therefore  leads  to  a  major 
problem  -  floating  geometry »  This  means  that  there  can  be  significant 
variations  in  the  dimensions  of  the  charge  and  in  the  physical  alignment 
between  critical  components.  The  most  important  examples  of  the  geometry 
problem  are  given  in  Table  1.  Besides  lacking  rigidity,  bagged  charges 
are  complex  to  assemble  and  it  is  difficult  to  achieve  good  quality 
control.  To  complicate  the  problem,  the  charge  geometry  can  change  with 
handling. 

P 

R.  E.  Kent,  "Study  of  Ignition  of  155~mm  Gun  in  Connection  with 
Project  KW250  —  Study  of  the  Factors  Involved  in  the  Design  of 
Pro-pelting  Charges",  BRL  Report  No.  4,  Ballistic  Research  Daboratories, 
Aberdeen  Proving  Ground,  MD,  February  1935,  fAD  #PB22090) 

^I,  W.  May,  C.  W,  Nelson,  J.  J.  Rocchio,  and  K,  J.  White,  "The  Role 
of  Ignition  in  Artillery  Propulsion" ,  Proceedings  of  the  Zrd 
International  Symposium  on  Ballistics,  March  1977. 
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TABLl*  1.  VARIATIONS  IN  BACiCIil)  CI!AR(]Ii  (TiOMliTRY 


Variable 


Variation 


Charge  1 ength 
Charge  diameter 
Chargc-centercore  alignment 
Base  pad-centcrcore  alignment 
Primer-base  pad  alignment 


+  25  mm,  3% 

+  6  mm,  4% 

+  10  mm,  12% 
^  12  mm,  12% 
+  0,  -  18  mm 


The  most  critical  result  of  the  floating  geometry  can  be  malfunction 
of  the  ignition  train.  This  can  le^d  to  long  ignition  delays,  localized 
ignition,  and  ensuing  pressure  waves,  resulting  in  increased  ballistic 
variability  and  in  some  cases  catastrophic  failure. 

An  example  of  the  effect  of  charge  rigidity  on  pressure  waves  in  an 
8-in.  howitzer  is  given  in  Table  2.  Charges  with  the  rigidity  improved 
by  a  full  length  lacing  jacket  had  qualitatively  better  ignition  system 
performance  under  both  cold  and  hot  firing  conditions.  This  is  evidenced 
by  the  trend  to  lower  values  of  the  initial  negative  pressure  difference 

(-AP.)*. 

1 


^Pressure  differences  are  the  difference  in  pressure  between  a  pressure 

gage  located  in  the  breech  and  one  located  at  the  forward  end  of  the 

chamber.  (LP  =  P,  .  -  J . 

breech  forward' 

The  first  negative  excursion  of  this  value  (-IPP^),  is  used  as  a  diagnostic 
of  ignition  system  performance  and  pressure  wave  formation.  Lctrge  -bP^ 
are  indicative  of  more  localized  Cat  the  basel  ignition  of  the  propell¬ 
ant  bed  and  more  severe  ensuing  pressure  waves'^ j  ^ .  See  Appendix  F 
for  examples. 


4 

I.  W.  May^  and  E.  V.  Clarke^  '^The  Reverse  Pressure  Gradient:  A  Tool 
for  Assessing  the  Effects  of  Wave  Dynamics  on  the  Ballistic  Perfor¬ 
mance  of  Guns^ ''  Proceedings  of  the  2nd  International  Symposium  on 
Ballistics^  March  1976. 

^A.  W.  Horst y  I.  W.  May^  and  E.  V.  Clarke^  Ir.^  ^^The  Missing  Link 
Between  Pressure  Waves  and  Breechblows^\  AEBRL-MR-02849.y  USAARRADCOM^ 
Ballistic  Research  Laboratory^  Aberdeen  Proving  Ground^  MD^  July  1978. 
(AD  #A058354) 
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TABLE  2.  EFFECT  OF  IMPROVED  CHARGE  RIGIDITY  ON  PRESSURE 
WAVE  CHARACTERISTICS 


"Loose"  "Rigid" 

Charge  Charge 


T 

-AP.  0 

1 

-AP. 

1 

0 

(*C) 

(MPa) 

(MPa) 

(MPa) 

(MPa) 

-  45 

3.8 

1.4 

2.5 

1.7 

63 

8.9 

8.7 

5.0 

4.2 

Source 
for  8- 

:  DTII  Safety  Test  (1977) 
in.,  M110A1E2,  Howitzer 

M188E1  Propelling  Charge 

Note : 

flash  reducer  moved  to  end 

of  charge 

in  "rigid'^  charge 

V 


The  consumable  case  offers  significant  improvements  in  the  floating 
geometry  problem.  The  geometry  of  a  consumable  case  can  be  fixed  by 
design  and  construction.  The  strength  of  the  components  can  be  made 
sufficient  to  maintain  geometry  with  tolerances  on  the  order  of  2.5  mm 
or  better.  Quality  control  should  also  be  improved. 

Primer- Ignition  System  Interaction.  The  separation  between  the 
spindle  face  and  base  pad  (Figure  1) ,  charge  standoff,  can  vary  from 
0  to  about  150  mm  for  a  top  zone  centercore  charge.  Because  localized 
ignition  at  the  base  of  the  charge  has  occurred  at  standoffs  less  than 
25  mm,  the  155-mm,  M198,  and  8-in,  M201,  Howitzers  are  equipped  with 
metal  protrusions  on  the  spindle  to  assure  a  minimum  25-mm  standoff. 

Some  charges,  particularly  the  shorter  ones  for  lower  zones,  can  be 
placed  well  forward  in  the  chamber  resulting  in  larger  standoffs.  The 
variability  in  standoff  affects  the  transmission  of  the  ignition  stimulus 
from  the  primer  to  the  base  pad  and,  perhaps  more  significantly,  the 
subsequent  transfer  to  the  snake*.  Localized  ignition,  pressure  waves, 
and  increased  ballistic  variability  result. 

The  primer-base  pad  interaction  is  also  affected  by  the  fact  that 
the  primer  spithole  and  the  charge  are  not  coaxial  (see  Figure  1) .  The 
effect  of  this  misalignment  can  be  compounded  by  the  variable  charge 
standoff.  Table  3  gives  an  example  of  the  effect  of  charge- spithole 
alignment  on  ignition  delay  times  under  cold  firing  conditions.  A 
significant  reduction  in  the  delay  times  can  be  achieved  by  aligning  the 
charge  with  the  spithole.  Coaxial  alignment  can  be  achieved  by  modifica¬ 
tions  to  the  spindle  as  has  been  done  in  the  M198  howitzer.  This  does 
not  treat  the  alignment  problems  due  to  variations  in  charge  dimensions 
and  geometry. _ 

’■*  In  some  howitzer  systems^  the  lower  zone  charges  (lower  charge 

weights)  use  a  base  pad  igniter  alone.  These  still  are  affected  by 
variable  standoff. 
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TABLli  3.  I’FM'C'l’  01’  01  lAlUil* -SIM  TIIOLli  ALKINMMNT  ON  I  ON  IT  ION 

nr, LAY  TIMLS  AT  -S4^C 

Igiution  Delay  (ms) 

Normal  Charge 

Misalignment*  Coaxial  Alignment 


I 


9 


225  75 
215  104 
246  187 
210  125 
215  164 
(4800)  -  Hangfire**  236 


Mean  222 


149 


^Charge  axis  approximately  15  mm  below  spit  hole  axis. 

Data  from  Picatinpy  Arsenal  Interrupted  Burner  Tests, 

March  1975,  XM203E1,  H.  Hassmann,  private  communications. 

**Not  included  in  Mean. 

A  consumable  case  can  reduce  the  variability  in  the  primer-ignition 
system  interaction.  A  fixed  charge  standoff  and  a  coaxial  primer  and 
centercore  can  be  assured  by  the  design  of  the  consumable  case. 

Flame  Barriers.  The  materials  used  to  construct  the  charge  and^ 
igniter  bags  can  act  as  barriers  to  flamespreading  through  the  ignition 
train  and  to  the  granular  propellant  bed.  This  effect  is  related  to 
the  nature  of  the  cloth  used  and  the  number  of  layers.  The  principal 
problem  which  results  is  localized  ignition  under  low  temperature 
conditions . 

The  flame  barrier  problem  may  be  alleviated  by  a  consumable  case. 

The  density,  thickness,  porosity,  and  composition  of  the  material  (e.g., 
felted  nitrocellulose)  can  be  used  to  control  the  flame  propagation 
characteristics . 

Projectile  Fallback.  The  fallback  of  a  projectile  from  its  normal 
position  at  the  origin  of  rifling  into  the  chamber  is  a  serious  potential 
problem  at  high  tube  elevations,  primarily  with  low  zone  (short)  charges. 
When  the  charge  is  ignited,  a  projectile  in  the  chamber  will  be  acceler¬ 
ated  forward  into  the  bore  and  will  then  be  decelerated  upon  encountering 
the  rifling.  This  deceleration  can  place  large  loads  on  the  payload  and 
lead  to  detonation  of  high  explosive  fills  in-bore,  or  failure  of  sensit¬ 
ive  elements  of  fuzes  or  guidance  packages.  A  sudden  increase  in  angular 
acceleration  as  the  projectile  engages  the  rifling  may  lead  to  frictional 
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initiation  of  the  fill. 


A  consumable  case  could  eliminate  the  fallback  problem.  The  size, 
shape,  and  physical  strength  of  the  case  could  be  tailored  to  provide 
the  necessary  support  should  the  projectile  become  dislodged  from  the 
origin  of  rifling. 

The  Consumable  Case  Alternative 


The  consumable  case  offers  a  realistic  alternative  to  the  bagged 
propelling  charge.  The  potential  benefits  of  the  consumable  case  in 
alleviating  performance  problems  of  bagged  charges  were  mentioned 
previously  and  they  are  summarized  in  Table  4. 

•  TABLE  4.  POTENTIAL  BENEFITS  OF  CONSUMABLE  CASES 

•  Dimensions  controllable  to  2.5-mm  tolerances 

•  Fixed  standoff 

•  Controlled  alignment  between  primer  and  ignition  system 
components 

•  Simplified  ignition  system  design 

•  Improved  uniformity  of  ignition  and  reduced  ignition  delay 
times  (especially  important  for  soft  recoil  guns) 

•  Reduction  in  potential  for  projectile  fallback 

t  More  adaptable  to  autoloading  and  sliding  breech  mechanisms 

•  Simplified  quality  control 

•  Easier  to  automate  production  and  loading/assembly/packaging 

•  Potential  lower  wear  and  erosion  (case  may  act  somewhat  like  a 
wear-reducing  additive  liner) 


There  are  also  some  potential  problems  with  the  consumable  case 
(Table  5) .  The  basic  case  design,  material  strength,  and  combustion 
characteristics  are  interdependent.  Performance  related  design  consider 
ations  could  easily  compromise  advantageous  packing  and  handling  charact 
eristics.  Aging,  surveillance,  and  vulnerability  characteristics  are 
also  important  considerations  which  must  not  be  overlooked. 
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Tab  I  c 


PO'i’liN’riAL  PROBLHMS  WITH  CONSIJMABLI!  CASliS 


•  Achieving  sul'ficient  case  strength  without  unacceptable  residue 

•  Cost  [material  and  faciliiization) 

•  Long-term  aging  characteristics 

•  Migration  of  nitroglycerin  from  propellant  into  case 

•  Moisture  migration 

There  has  been  a  considerable  technology  base  developed  for 
consumable  cases  in  the  last  ten  years  as  indicated  in  Table  6.  The  US 
did  early  work  which  resulted  in  the  consumable  case  for  the  152-min  gun/ 
launcher  system.  Since  that  development  effort,  the  major  work  has  been 
done  in  Europe  with  the  development  of  consumable  cases  for  tank  guns 
and  for  the  French  GCT  155-mm  Howitzer. 


TABLE  6.  WEAPONS  WITH  CONSUMABLE  CASES 
Country  Cun  System 


US 

152-mm 

UK 

120-mm 

120-mm 

GE 

120-mm 

France 

155-mm 

USSR 

125-mm 

Cun/ Launcher 

Chieftain  Tank  Gun 

Tank  Gun  (with  stub  metal  case) 

Tank  Gun  (with  stub  metal  case) 

GCT  Howitzer 

Tank  Gun 


The  objective  of  the  present  work  is  to  demonstrate  the  feasibility 
of  a  consumable  case  to  alleviate  the  performance  problems  inherent  to 
a  bagged  charge.  To  accomplish  this,  a  prototype  consumable  case  was 
fabricated  for  the  155-mm  howitzer,  and  three  simplified  ignition  systems 
were  designed.  Firing  tests  were  conducted  in  order  to  compare  the 
maximum  pressures,  velocities,  ignition  performances,  pressure  wave 
characteristics,  and  residues  from  the  consumable  case  charges  to  those 
from  standard,  high  performance  bagged  charges.  The  tests  were  conducted 
in  the  early  summer  of  1977  and  the  results  were  presented  at  the  1978 
JANNAF  Propulsion  Meeting^. 

Q 

J.  J.  Rocahioy  C.  R.  Ruth^  I.  W.  May  and  K,  J.  White,  "A  Consumable 
Case  for  Artillery  Systems",  Proceedings  of  the  1978  JANNAF  Propulsion 
Meeting,  CPIA  Publication  293,  Vol  V,  pp  541-544,  February  1978. 
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II.  EXPERIMENTAL  INVESTIGATION 

For  the  purpose  of  this  feasibility  study,  the  155-mm  howitzer  was 
selected  as  the  test  bed  and  a  simple  consumable  case  was  designed  for 
it.  Extensive  experimental  investigations  of  performance  in  the  155-mm 
system  have  been  carried  out  at  the  Ballistic  Research  Laboratory  (BRL)'^» 
and,  therefore,  experience  and  hardware  were  available.  The  Large 
Caliber  Weapons  Systems  Laboratory  (LCWSL),  as  part  of  the  cooperative 
program,  provided  the  consumable  cases  and  its  expertise  derived  from 
the  152-mm  consumable  case  development.  « 

Consumable  Case 

The  consumable  case  was  constructed  of  felted  nitrocellulose.  The 
composition  of  this  material  is  given  in  Table  7,  and  a  description 
and  schematic  of  the  production  process  are  given  in  Appendix  A.  The 
case  consisted  of  a  cylindrical  wall  section,  two  end  plates,  and  a 
centercore  tube  (Figure  3) .  Each  end  plate  had  a  hole  in  the  center 
and,  on  the  inside  surface,  there  were  cylindrical  protrusions  which 
fit  inside  the  centercore  tube  to  support  it.  There  was  a  slight  forward 
taper  to  the  case  to  conform  to  the  chamber  geometry  of  the  M199,  155-mm 
cannon.  The  dimensions  of  the  case  and  components  are  given  in  Table 
8. 


TABLE  7.  CONSUMABLE  CASE  COMPOSITION 


Component  %  By  Weight 


Nitrocellulose,  Fibrous  (12.6%N)  55 
Kraft  Fiber  9 
Acrylic  Fiber  25 
Resin  Binder  (Polyvinyl  Acetate)  10 
Diphenylamine  1 


V.  J.  Rooahio,  K.  J.  White,  C.  R.  Ruth,  and  I.  W.  May,  "Propellant 
Grain  Tailoring  to  Reduce  Pressure  Wave  Generation  in  Guns", 
Proceedings  of  the  12th  JANNAF  Combustion  Meeting,  CPIA  Publication 
27Z,  Vol.  I,  pp.  275-301,  December  1975. 


J.  Rocchio,  C.  R.  Ruth,  and  I.  W.  May,  "Grain  Geometry  Effects  on 
Wave  Dynamics  in  Large  Caliber  Guns",  Proceedings  of  the  13th  JAMAF 
Combustion  Meeting,  CPIA  Publication  281,  Vol  I,  pp  369-382, 

December  1976. 
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Figure  3.  Components  of  Prototype  Consumable  Case 


TABLE  8.  DIMENSIONS  OF  CONSUMABLE  CASE  AND  qOMPONENTS 


Case  length  737  iran 

Case  diameter  -  base  165  mm 

-  forward  158  mm 

Wall  thickness  3.2  ijtm 

Base  plate  diameter  159  mm 

Forward  plate  diameter  151  mm 

Centercore  tube  -  length  711  mm 


-  outside  diameter  32  mm 

-  inside  diampter  25  mm 

The  components  of  the  prototype  case  were  produced  by  modifying 
parts  available  from  another  test  program.  The  tapered  cylindrical 
geometry,  for  example,  was  achieved  by  cutting  a  section  from  a  larger 
right  circular  cylinder.  When  this  was  fastened  around  the  end  plates 
with  heavy  duty  tape,  the  finished  geometry  resulted.  Figure  3  is  a 
photograph  of  the  components  before  assembly;  additional  photographs  of 
the  components  and  assembled  cases  are  in  Appendix  B.  A  data  card  for 
the  components  is  given  in  Appendix  C. 

The  consumable  cases  were  tapered  to  fit  the  chamber.  This  gave  a 
snug  fit  so  there  was  little  clearance  between  the  case  and  the  chamber 
wall.  For  simplicity,  a  fixed  standoff  was  pot  built  into  the  prototype 
design  as  it  would  be  in  a  fielded  case.  The  standard  25'-mm  standoff  was 
manually  established  by  the  firing  crew  during  loading  into  the  chamber. 

All  the  consumable  cases  were  assembled  with  a  flash  reducer  bag 
(450  g  of  K2SO4)  external  to  the  forward  end  closure  of  the  case.  Lead 
decoppering  foil  and  Ti02/wax  wear-reducing  liners  were  not  used  with  the 
prototype  cases  in  these  feasibility  tests. 

It  should  be  noted  that  the  overall  length  of  the  prototype  case 
plus  25-mm  standoff  is  about  762  mm.  This  should  allow  it  to  be  compatr 
ible  with  the  chambers  of  both  the  M185  and  M199  cannons,  even  when  firing 
the  M549  projectile  (available  chamber  length  767  and  822  mm,  respectively) 
Interoperability  between  these  two  cannons  would  be  an  important  bpnus 
for  a  consumable  case.  This  would  not  eliminate  the  potential  fallback 
of  the  M549  in  the  M199  cannon  although  it  would  place  a  limit  of  about 
60  mm  on  the  fallback  distance. 

Ignition  Systems 

The  design  of  the  ignition  system  was  a  key  part  of  the  feasibility 
study.  One  of  the  more  significant  benefits  of  a  consumable  case  is 
that  it  should  permit  a  simplified  ignition  system  design  by  assuring 
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opt  i muni  interaction  of  the  ignition  train  components.  Because  the 
prototype  design  fixed  the  centercorc  tube  to  be  coaxial  with  the  primer 
spithole,  we  believed  that  the  base  pad  was  not  necessary  to  transfer 
the  ignition  stimulus  from  the  primer  to  the  centercore  snake.  To  test 
this  hypothesis,  three  ignition  systems  were  designed  as  described  in 
Table  9. 


TABbh  9.  KiNlTION  SYSTliM  CONFIGURATIONS 


Confi guration 


Igniter  Composition 


1. 

1 


o . 


Ignition  Train  from  M203,  Base  Pad  and  Snak^ 

Snake  Without  Base  Pad 

Three  8-mm  Plastic  Tubes  in  Centercore 


142  g,  Class  1,  Black  Powder 
113  g,  Class  5,  Black  Powder 
113  g.  Class  5,  Black  Powder 


A  base  pad  and  centercore  snake  from  the  M203  charge  was  selected 
as  one  design.  This  allowed  a  comparison  of  a  standard  ignition  system 
with  the  more  simple  designs  in  the  same  type  of  charge.  The  base  pad  was 
placed  externally  to  the  base  plate  of  the  consumable  case,  with  the  snake 
in  the  centercore  tube  (see  Appendix  B) . 


Class  5  black  powder  was  selected  for  the  other  two  ignition  systems. 
This  was  done  on  the  basis  of  data  from  Schulman,  al,,^  which  indicated 
this  material  had  better  flamespreading  properties  than  the  Class  1  black 
powder  used  in  the  standard  system.  Better  flamespreading  would  improve 
the  simultaneity  of  ignition. 

The  simplified  ignition  systems  consisted  of  the  centercore  igniter 
alone.  In  one  system,  a  standard  cloth  snake  was  used  to  hold  the  black 
powder.  The  other  simplified  system  used  three  plastic  tubes*  (8.5-mm 
diameter,  0.13-mm  wall  thickness,  635-mm  length)  to  contain  the  igniter. 

The  objective  was  to  improve  the  axial  flamespreading  and  the  plastic  tubes 
would  help  direct  the  initial  flow  of  hot  gases  and  particles  from  the 
end  initially  ignited  by  the  primer  toward  the  forward  end  of  the  charge. 
The  plastic  tubes  were  placed  in  the  centercore  tube  so  that  they  were 
spaced  at  120-degree  intervals  on  the  inner  circumference.  This  gave  an 
open  area  down  the  center  for  primer  and  igniter  gases  to  flow  unimpeded. 
Photographs  of  the  assembled  tubes  are  shown  in  Figure  4  and  Appendix  B. 

Propellants 


Two  different  granulations  of  M30A1  propellant  were  used  in  the 
firing  tests.  The  first  was  the  standard  7~perforation  (O.Q78-in,  web) 
grain  used  in  the  M2Q3  charge.  It  was  selected  so  a  direct  comparison  to  its 
"^FEP  Teflon;  Central  Plastios^  Hanover^  New  Jersey 
g 

L.  Shulman^  C.  Lenchitz^  and  L.  Bottei^  ^Laboratory  Studies  to  Develop 
Reduced  Ignition  Delays  in  the  IBS-rnm  Rowitzer^^  Frooeedings  of  the 
1974  JANNAF  Propulsion  Meeting^  CPIA  Publication  260^  Vol  pp 
607-620^  December  1974. 
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j'jcrfonnancc  in  the  standard  bagged  charge  could  be  ma^Je.  A  19-perforatioh 
tl9MP-C]Y)  grain  was  also  used  for  limited  testing.  I'he  objective  was  tO 
determine  if  there  were  any  significant  differences  in  the  pressure  wave 
characteristics  between  the  two  grain  geometries  in  a  ceptercore-ignited, 
consumable  The  description  sheets  for  these  propellant  lots 

may  be  found  in  Appendix  f. 

Firing  Residues 

It  is  imperative  that  any  consumable  charge  (bagged  or  cased)  leave 
behind  little  or  no  residue  and,  more  important,  any  residue  should  be 
extinguished.  Smoldering  residue  could  ignite  the  next  charge  before 
the  breech  is  closed,  while  large  amounts  of  extinguished  residue  could 
impair  the  operation  of  the  breech  (particularly  with  a  sliding  breech 
block)  and  require  more  frequent  swabbing. 

Residue  measurements  were  made  on  each  round  in  the  consumable  case 
series  as  well  as  with  several  XM123E2-Interim  charges,  the  prototype  of 
the  M203  charge.  Cheesecloth  was  cut  into  squares,  washed  to  remove 
sizing,  dried,  and  the  masses  were  recorded.  The  clothes  were  moistened 
with  50-50  alcohol-water  solvent  and  placed  in  sealed  cans,  The  cloths 
were  then  used  to  swab  out  the  chamber,  were  dried,  and  the  final  m^-sses 
determined.  The  increase  in  mass  of  the  cloth  plus  any  solfd  material 
was  recorded  as  the  charge  residue  for  each  round. 

Instrumentation  and  Test  Procedures 


All  test  firings  for  this  program  were  conducted  at  the  BRL  Sandy 
Point  Firing  Facility  on  Spesutie  Island-  The  howitzer  used  in  these 
tests  was  an  M185  cannon  which  had  been  modified  to  bay®  P  chamber 
geometry  similar  to  the  Ml 99  cannon  (chamber  drawing  and  dimensions  are 
given  in  Appendix  D) .  It  was  instrumented  fop  pressure  gages  as  shown 
in  Figure  D-2.  Six  Kistler,  Model  607-C3,  piezo  gages  were  used  in  the 
chamber:  two  in  the  spindle,  two  at  mid  chamber,  and  two  in  the  projectile 
base  region.  One  of  the  spindle  gages  and  one  of  the  base  region  gages 
were  calibrated  for  low  pressures  and  used  to  record  ignition-related 
phenomena.  Differential  pressures  (spindle  -  projectile  base)_  were  also 
recorded.  Velocities  were  measured  with  solenoid  coils  located  at 
21.3  m  from  the  muzzle.  A  microwave  interferometer  (15-GHzl  was  also 
used  to  measure  projectile  displacement  vs.  time. 

The  setup  of  the  pressure  measuring  instrumentation  is  shown 
schematically  in  Figure  D-3.  The  data  were  recorded  by  an  FM  magnetic 
tape  recorder  (Honeywell  Model  96).  The  analog  data  wer^  digitized  using 


10 

A,  W,  Horst ^  T,  C,  Smithy  and  S.  E,  Mitchell ^  ^^Epcperimental  Evaluation 
of  Three  Concepts  for  Reducing  Pressure  Wave  Phenomena  in  Havy 
3-inch^  34--Caliher  Guns:  Summary  gf  Firing  Data^  JUMP  76^-258^ 

August  1976, 
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a  PDPll/20  laboratory  computer  with  a  10-bit  analog-to-digital  converter 
and  then  reduced  to  finished  tabular  and  plotted  format. 

An  electric-primer-operated  firing  pin  actuator^^  was  used  to 
initiate  the  standard  M82  percussion  primers  used  in  these  tests. 
Ignition  delays  were  measured  from  the  application  of  the  firing  voltage 
to  the  electric  primer  (response  time  of  actuator  system  is  about  1  ms) 
until  the  pressure  at  the  breech  reached  approximately  0.7  MPa  above  the 
base  line  pressure. 

At  the  beginning  of  each  firing  day,  two  warmer  rounds  (M119  or 
M4A1  charges  with  MlOl  or  M107  projectiles)  were  fired.  All  rounds 
were  conditioned  at  ambient  temperature  (298  -  300  K)  before  firing 
and  were  fired  with  the  gun  horizontal. 

Test  Matrix 


The  three  ignition  system  designs  for  the  consumable  case  were  test 
fired  at  a  charge  mass  of  10.89  kg  (Series  13  -  15).  This  is  less  than 
the  11.79-kg  charge  mass  for  the  M203,  Zone  8  charge  for  the  155-mm 
howitzer.  The  lower  charge  mass  was  selected  because  previous'  experience 
had  shown  that  an  ignition  system  failure  is  less  likely  to  result  in 
catastrophic  pressure  waves  at  the  lower  charge  mass^.  Based  on  the  data 
from  these  firings,  one  of  the  ignition  systems  was  selected  for  a  five- 
round  series  to  evaluate  uniformity  of  performance  at  the  full  11.79-kg 
charge  mass  (Series  16) .  Two  19-perforation  charges  were  also  fired  at 
the  11.79-kg  charge  mass  (Series  17). 


III.  RESULTS  AND  DISCUSSION 


The  prototype  consumable  cases  gave  interior  ballistic  performances 
similar  to  those  of  the  standard  bagged  charges.  Significant  differences 
between  the  three  types  of  igniter  systems  were  exhibited.  No  -significant 
difference  in  residue  was  found  between  the  consumable  case  and  the  bagged 
charge.  A  summary  of  the  firing  data  is  given  in  Table  IQ.  For  the 
individual  rounds,  all  the  pertinent  experimental  data  are  listed  in 
Appendix  E  and  breech,  forward,  and  AP  pressure-time  traces  are  given 
in  Appendix  F. 


Ignition  System  Performance 

Of  the  three  ignition  systems,  the  standard  base  pad  and  snake 
(Series  13)  gave  the  largest  -AP^  values  (Table  10)..  The  spindle, 


J.  Roaohio,  R.  A.  Hartman,  and  N.  J.  Gerri,  "An  Electric  Primer  - 
Operated  Firing  Pin  Actuator  for  Large  Caliber  Guns",  ARBRL-MR  02897, 
January  1979.  (AD  #A069109) 
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Table  10.  Summary  Of  Performance  Data  From  Consumable  Case  Firing  Tests 
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projectile  base,  and  AP  pres sure -time  traces  are  given  in  Figures  F-1 
and  F-2.  It  can  be  seen  that  there  is  some  structure  in  both  pressure 
traces  which  is  reflected  in  the  significant  pressure  waves  as  shown  by 
the  AP  trace. 

The  simplified  ignition  system  composed  of  Class  5  black  powder  in 
the  centercore  snake  without  a  base  pad  (Series  14)  exhibited  a  smoother 
pressure-time  cuirve  (Figure  F-3)  and  lower  -APi  (Table  10)  than  the 
standard  ignition  system.  This  indicates  better  simultaneity  of  ignition 
along  the  charge  axis  was  attained  without  the  base  pad^ 

The  best  performance  was  demonstrated  by  the  ignition  system  composed 
of  Class  5  black  powder  in  the  plastic  tubes  (Series  15,  Table  10) .  One 
set  of  pressure  traces  was  perfectly  smooth  (Figure  F-4)  with  a  zero 
-APi.  The  second  round  in  this  series  gave  very  low  pressure  waves 
(Figure  F-5) .  These  results  indicate  that  confining  the  igniter  in  the 
plastic  tubes  may  improve  the  axial  flamespreading  thereby  improving 
simultaneity  of  ignition. 

Uniformity  Series 


The  11.79-kg  charge  for  the  5-round  uniformity  series  (Series  16) 
’Ttilized  the  ignition  system  composed  of  Class  5  black  powder  in  the  ' 
•loth  snake.  Based  upon  the  data  presented  above,  we  would  have 
^referred  to  use  the  plastic  tube  igniter  system.  However,  insufficient 
•.ubes  were  available  to  assemble  the  test  charges.  The  data  from 
Series  16  are  also  presented  in  Table  10,  and  are  compared  to  the  perfor- 
nance  of  the  XM123E2  Interim  (the  prototype  of,  and  essentially  the  same 
as,  the  M203)  charge  in  Table  11.  Pressure-time  traces  are  shown  in 
Figures  F-6  thru  F-10.  The  base  and  forward  pressure  traces  are  smooth, 
and  small  -APj^  were  exhibited. 

The  data  indicate  that  the  performance  of  the  prototype  consumable 
charge  with  a  simplified  ignition  system  was  quite  good.  The  pressures 
and  velocities  for  this  series  were  higher  than  those  for  the  standard 
charge.  This  is  attributed  to  the  extra  energy  added  by  the  nitrocellu¬ 
lose  in  the  case  (0.7  to  0.9  kg)  to  the  energy  of  the  standard  propellant 
charge. 

; gnition  Delays 


The  ignition  delays  for  the  consumable  cases  were  shorter  than  the 
ominal  values  for  the  standard  charge.  For  the  uniformity  series,  the 
verage  ignition  delay  was  about  half  that  of  the  XM123E2  Interim  charges 
.;ired  earlier  in  the  test  at  BRL  as  shown  in  Table  11. 


12  . 

•J.  J.  Rooohio  and  C.  E,  Ruth^  "An  Investigation  of  the  Interzop 
Jallistio  Performanae  of  a  19-Perforation  Propellant  Granulation 
in  the  Zone  8  Charge  of  the  ISS-rm^  Ml  98  Howitzer i  AhBRL-MR  in 
■:'‘eparation. 
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TABLH  II.  COMPARISON  OP'  PERFORMANCE  Op  THE  CONSUMABLE 
CASE  WITH  Tliy\T  OF  THE  XI^123E2  INTERIM  CHARGE 

Consumable  Case*  XM125E2  Interim** 


Maximum  Pressure  (MPa)  X 

359 

330 

0 

10.3 

3,6 

Muzzle  Velocity  (m/s)  X 

869 

831 

a 

5.9 

1 

0.2 

-AP.  (MPa)  X 

-7,4 

0 

1 

a 

2,5 

0 

Ignition  Delay  (msec)***X 

36 

90 

0 

7 

12 

Number  of  Rounds 

5 

3 

*  Consumable  case  data  frpm  Test  Series  16  (Table  10  and  Appendix  E) . 

**  Data  presented  were  for  XM123E2  Interim  charges  fired  at  BRL^^.  This 

charge  was  the  prptotype  for  the  1^203  charge  and  is  almost  identical 
to  it. 

***  Ignition  delays  are  very  dependent  pn  lot  of  black  powder  used. 


Void  Space 

The  void  space  which  normally  exists  along  the  length  of  a  bagged 
charge,  between  the  charge  and  the  chamber  wall;  is  a  fesult  of  the 
charge  being  of  smaller  diameter  than  the  chamber.  It  is  often  cited  as 
having  a  role  in  alleviating  pressure  w^ve  problems  because  it  should 
help  equilibrate  the  pressure  along  the  chambet  hxis^^.  Because  of  the 
full  bore  diameter  of  the  consumable  case  charges,  there  is  no  void 
space.  It  is  therefore  quite  significant  that  the  pressure  waves  in  the 
consumable  case  tests  were  so  small. 

The  consumable  case  with  25~mm  standoff  is  49  mm  shorter  than  the 
available  chamber  length  with  the  MlOl  projectile  in  the  M185~MOD  chamber. 
It  is  thus  possible  for  the  case  to  move  forward  and  this  may  have  occured 
in  Series  13  which  used  a  base  pad  along  with  the  centprcore  igniter. 
Localized  ignition  by  the  base  pad  could  lead  to  charge  motion  and  compac¬ 
tion  against  the  projectile  which  would  result  in  the  higher  level  of 
pressure  waves  observed  with  this  ignition  system. 


13 

A.  W.  Horst  and  P.  S.  Gough^  Influence  of  Propellant  Packaging 
on  Performance  of  Navy  Case  Gun  Ammur\ition*^ ^  Journal  of  Ballistics 
Vol.  1,  No.  3,  pp.  229-258,  1977. 
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Nineteen-Perforation  Propellant 


There  were  important  differences  in  performance  of  the  centercore 
ignited,  consumable-cased  charges  due  fo  the  propellant  geometry  (7MP  vs 
19MP-CY)  .  The  slightly  lower  pressure  and  velocity  of  the  19MP-CY, 
charges  (Series  17,  Table  10)  relative  to  the  7MP  charges  (Series  16, 
Tpblp  10)  are  due  to  the  web  of  the  19MP-CY  grains  being  a  bit  too  large 
to  be  an  exact  match  to  the  7MP  grain  at  the  same  charge  mass  (11.79  kg). 
The  19MP-CY  charges  showed  the  same  increase  in  pressure  and  velocity  in 
going  from  a  bagged  charge  to  a  consumable  case  as  did  the  7MP  charge^^. 

Residue 

Post  firing  residues  from  the  consumable  cases  were  slightly  less 
than  those  frqm  the  XM123E2  Interim  charges.  Tliis  is  shown  in  Table  12 
along  with  residue  ^ata  from  other  experimental  charges.  No  smoldering 
residue  was  observed  either  in  the  chamber  and  bore  or  on  the  ground 
in  front  of  the  cannon  for  the  consumable  cases  or  bagged  charges. 

An  interesting  observation  is  that  the  two  "experimental"  charges  in 
Table  12  were  constructed  from  JCM123E2  Interim  charge  components'^ . 

The  first  charge  also  used  the  complete  XM123E2  ignition  system,  while 
the  second  charge  utilized  only  a  base  pad  filled  with  CBI  (Clean  Burning 
Igniter) .  .  The  replacement  of  black  powder  appears  to  have  caused  a  , 
significant  reduction  in  the  amount  of  post-firing  residue. 

IV.  SUMMARY 

Prototype  consumable  case  charges  for  Zone  8  were  fabricated- and 
test  fired  in  a  155-mm  howitzer.  T^e  construction  of  the  case  made  it 
possible  to  use  a  simplified  ignition  system  consisting  of  a  centercore 
igniter  without  a  base  pad.  Two  versions  of  this  system  were  tested 
apd  shown  to  be  superior  to  a  base  pad  and  centercore  snake  configuration 
A  novel  centercore  igniter  consisting  of  Class  5  black  powder  in  plastic 
tubes  was  shown  to  give  better  performance  (as  ipdicated  by  low  -’AT.) 
than  the  design  with  Class  5  black  powder  in  a  cloth  snake.  The  perfor¬ 
mances  of  the  prototype  consumable  cases  were  shown  to  be  similar  to 
those  of  the  bagged  charges.  The  consumable  cases  did  not  exhibit  a 
problem  with  post-firing  residues. 

V.  CONCLUSIONS  AND  RECOMMENDATIONS 

A  consumable  case  for  large  caliber,  separate  loading,  ammunition 
appears  feasible  based  on  the  results  of  these  tests.  A  well  designed 
consumable  case  should  be  much  less  complex  than  conventional  bagged 
charges.  The  pigidity  of  a  consumable  case  and  the  precision  of  the 
manufacturing  process  should  eliminate  the  persistant  problems  (e.g. 
ignition  delay,  pressure  waves,  velocity  variation,  etc.)  which  are  the 
result  of  the  misalignment  of  critical  ignition  train  components  and  poor 
tolerances  inherent  to  bagged  charges.  Therefore  major  benefits  of  a 
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TABLE  12.  RESIDUE  AFTER  FIRING 
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consumable  case  should  be  improved  safety  and  precision  as  well  as  good 
automatic  handling  and  loading  characteristics. 

Considerable  work  must  still  be  done.  More  extensive  firing  data 
are  necessary,  particularly  at  -45  and  +63^C.  An  improved  prototype 
should  be  designed  and  manufactured  for  future  tests  in  order  to  evaluate 
production-related  variables. 
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APPENDIX  A 


PRODUCTION  PROCESS  FOR  CONSUMABLE  CASES 

The  consumable  cases  used  in  these  tests  were  made  by  a  pulp  molding 
process.  Other  names  for  this  process  are  "molded  fibers"  or  "felting". 
Briefly,  the  fibers  and  emulsion  resins  are  slurried  together  in  large 
volumes  of  water  and  pumped  into  a  storage  tank  where  it  is  further 
diluted  with  water  to  about  0.15-percent  solids.  This  mixture,  constantly 
under  mild  agitation,  is  transferred  to  a  much  smaller  tank  where  the 
initial  forming  or  felting  takes  place.  The  felting  die  consists  of  a 
hollow,  perforated,  contoured  metal  cylinder  covered  with  a  screen.  A 
vacuum  line  is  attached  to  the  inside  of  the  die.  The  die  is  then 
lowered  into  the  felting  tank  and  vacuum  applied.  Water  is  drawn  through 
the  die  by  the  vacuum,  depositing  the  fibers  and  resin  on  the  screen. 

After  a  predetermined  time,  the  die  is  raised  from  the  felting  tank, 
vacuum  continuing  to  remove  water.  The  vacuum  is  then  shut  off  and  a 
mild,  quick  pressure  pulse  is  applied  to  the  inside  of  the  die.  This 
slightly  stretches  the  preformed  part  permitting  the  fibers  and  resin  to 
let  go,  allowing  the  part  to  be  readily  removed  from  the  form.  The  part 
is  then  placed  over  the  male  portion  of  a  pair  of  matched  metal  molds 
and  the  female  die  is  slowly  lowered,  closing  the  molds.  The  molds  are 
heated  and  pressure  is  applied.  Vacuum  is  also  applied  through  a  fitting 
in  the  bottom  of  the  male  mold.  The  vacuum  draws  off  water  and  steam 
leaving  a  dry  part.  The  part  is  further  dried  and  cured.  It  is  then 
removed  from  the  die,  allowed  to  come  to  equilibrium,  trimmed,  and  packed. 
This  completes  the  process  which  is  shown  schematically  in  Figure  A-1. 
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Figure  A-1.  Schematic  of  Consumable  Case  Production  Process 


APPENDIX  B 


PHOTOGRAPHS  OF  CONSUMABLE  CASE  COMPONENTS, 
SIMPLIFIED  IGNITION  SYSTEM, 

AND  ASSEMBLED  CONSUMABLE  CASES 
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Plastic  Tubes  Containing  Class  5  Black  Powder. 


Figure  B-2.  Interior  Face  of  End  Piece  of  Consumable  Case. 
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Figure  B-3.  End  View  of  Consumable  Case  Sidewall,  End  Piece, 
and  Centercore  Tube  Before  Assembly, 
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Figure  B-4.  View  of  the  Consumable  Centercore  Tube  as  Supported  by  the  End  Pieces  of  the 
Consumable  Case. 
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Figure  B-5.  Side  View  of  an  Assembled  Consumable  Case  Charge. 
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Figure  B-6.  End  View  of  an  Assembled  Consumable  Case  Charge  Showing  the  Attachment  of  the  Base 
Pad  as  Used  in  Series  13. 


APPENDIX  C 


PROPELLANT  AND  COMBUSTIBLE  CASE  COMPONENT  DATA  SHEETS 


department  of  DEFkHjr 

AMMUNITION  DATA  CARD 


Form  Approved 

Budget  ^reau  No.  22-R0269 


Non-Metallic  Side-Wall  Assembly  for  LOSE,  l5j 
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TABLE  D-1.  COMPARISON  OF  155-MM  CANNONS 
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KISTLER  GAGE  OUTPUT  TAPE  RECORDER 
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Figure  D-3.  Setup  of  Pressure-Measuring  Instrumentation 


APPENDIX  E 


LISTING  OF  EXPERIMENTAL  DATA  FOR  THE  INDIVIDUAL 
TEST  ROUNDS 


Table  E-1,  Listing  of  Experimental  Data  for  the  Individual  Test  Rounds 
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Table  E-1.  Listing  of  Experimental  Data  for  the  Individual  Test  Rounds  (Continued) 
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Pressures  are  not  corrected  for  variations  in  projectile  mass  L  =  Lost  Data 

Velocities  are  coil  velocitieSj  21.3  m  from  muzzle 
Projectile  Lot  LOP-SR-3-64 


APPENDIX  P 


SPINDLE,  FORWARD  CHAMBER,  AND  AP  PRESSURE  VS.  TIME  PLOTS  FOR  THE 
INDIVIDUAL  TEST  ROUNDS 
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F-3.  Pressure  vs.  Time  Traces,  Series  14,  ID  246/53 
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Pressure  vs.  Time  Traces,  Series  16,  ID  246/64 
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in  the  mail.  Your  comments  will  provide  us  with  information  for 
improving  future  reports. 

1 ,  BRL  Report  Number^^^ _ 

2.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related 
project,  or  other  area  of  interest  for  which  report  will  be  used.) 


3.  How,  specifically,  is  the  report  being  used?  (Information 
source,  design  data  or  procedure,  management  procedure,  source  of 
ideas,  etc.) _ _ 


4.  Has  the  information  in  this  report  led  to  any  quantitative 
savings  as  far  as  man-hours/contract  dollars  saved,  operating  costs 
avoided,  efficiencies  achieved,  etc.?  If  so,  please  elaborate. 


5.  General  Comments  (Indicate  what  you  think  should  be  changed  to 
make  this  report  and  future  reports  of  this  type  more  responsive 
to  your  needs,  more  usable,  improve  readability,  etc.) _ 


6.  If  you  would  like  to  be  contacted  by  the  personnel  who  prepared 
this  report  to  raise  specific  questions  or  discuss  the  topic, 
please  fill  in  the  following  information. 

Name: 


Telephone  Number: 
Organization  Address: 
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US  Army  Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground,  MD  21005 
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